AHP based Classification Algorithm Selection for Clinical Decision Support System Development  by Khanmohammadi, Sina & Rezaeiahari, Mandana
 Procedia Computer Science  36 ( 2014 )  328 – 334 
1877-0509 © 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of scientific committee of Missouri University of Science and Technology 
doi: 10.1016/j.procs.2014.09.101 
ScienceDirect
Available online at www.sciencedirect.com
&RPSOH[$GDSWLYH6\VWHPV3XEOLFDWLRQ
&LKDQ+'DJOL(GLWRULQ&KLHI
&RQIHUHQFH2UJDQL]HGE\0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
3KLODGHOSKLD3$
$+3%DVHG&ODVVLILFDWLRQ$OJRULWKP6HOHFWLRQIRU&OLQLFDO
'HFLVLRQ6XSSRUW6\VWHP'HYHORSPHQW
6LQD.KDQPRKDPPDGLD0DQGDQD5H]DHLDKDULD
aDepartment of Systems Science and Industrial Engineering, Watson School of Engineering, State University of New York at Binghamton, 
Binghamton, New York, 13902-6000, U.S.A
Abstract 
6XSHUYLVHG FODVVLILFDWLRQ DOJRULWKPV KDYH EHFRPH YHU\ SRSXODU EHFDXVH RI WKHLU SRWHQWLDO DSSOLFDWLRQ LQ GHYHORSLQJ LQWHOOLJHQW GDWD DQDO\WLF
VRIWZDUH 7KHVH DOJRULWKPV DUH NQRZQ WR EH VHQVLWLYH WR WKH FKDUDFWHULVWLF DQG VWUXFWXUH RI LQSXW GDWDVHWV WKHUHIRUH UHVHDUFKHUV XVH GLIIHUHQW
DOJRULWKPVHOHFWLRQPHWKRGVWRVHOHFWWKHPRVWVXLWDEOHFODVVLILFDWLRQDOJRULWKPIRUVSHFLILFGDWDVHW7KHVHPHWKRGVGRQRWFRQVLGHUWKHXQFHUWDLQW\
DERXW LQSXW GDWDVHW DQG UHODWLYH LPSRUWDQFHRI GLIIHUHQW SHUIRUPDQFHPHDVXUHPHQWV VXFK DV VSHHG DFFXUDF\ DQGPHPRU\XVDJH LQ WKH WDUJHW
DSSOLFDWLRQGRPDLQ7KHUHIRUHWKHVHPHWKRGVDUHQRWDSSURSULDWHIRUVRIWZDUHGHYHORSPHQW7KLVLVHVSHFLDOO\WUXHLQPHGLFDOILHOGZKHUHYDULRXV
KLJKGLPHQVLRQDOQRLV\GDWDPLJKWEHXVHGZLWKWKHVRIWZDUH+HQFHVRIWZDUHGHYHORSHUVQHHGWRVHOHFWRQHVXSHUYLVHGFODVVLILFDWLRQDOJRULWKPWKDW
KDVWKHKLJKHVWSRWHQWLDOWRSURYLGHJRRGSHUIRUPDQFHLQZLGHYDULHW\RIGDWDVHWV,QWKLVUHJDUGDQ$QDO\WLF+LHUDUFK\3URFHVV$+3EDVHGPHWD
OHDUQLQJ DOJRULWKP LV SURSRVHG WR LGHQWLI\ WKHPRVW VXLWDEOH VXSHUYLVHG FODVVLILFDWLRQ DOJRULWKP IRU GHYHORSLQJ FOLQLFDO GHFLVLRQ VXSSRUW V\VWHP
&'667KHUHVXOWVIURPWHQSXEOLFO\DYDLODEOHPHGLFDOGDWDVHWVLQGLFDWHWKDW6XSSRUW9HFWRU0DFKLQH690KDVWKHKLJKHVWSRWHQWLDOWRSHUIRUP
ZHOORQYDULHW\RIPHGLFDOGDWDVHWV
Keywords:&OLQLFDO'HFLVLRQ6XSSRUW6\VWHP&'660DFKLQH/HDUQLQJ0HGLFDO,QIRUPDWLFV$OJRULWKP6HOHFWLRQ$+30HWD/HDUQLQJ
1. Introduction
:LWKWKHDGYDQFHPHQWRIFRPSXWHUVDQGLQFUHDVLQJXVDJHRIHOHFWURQLFSDWLHQWUHFRUGV\VWHPVKXJHDPRXQWVRIPHGLFDOGDWDKDYH
EHFRPHDYDLODEOH7KLVKXJHGDWDKDYHEURXJKWYDULRXVRSSRUWXQLWLHVVXFKDVGHYHORSLQJFOLQLFDOGHFLVLRQVXSSRUWV\VWHPV&'66
WKDWFDQLPSURYHWKHGLDJQRVLVDQGSURJQRVLVRISDWLHQWV>@)RUH[DPSOHPDQ\DOJRULWKPVKDYHEHHQGHYHORSHGIRU DXWRPDWLF
EUHDVWFDQFHUGLDJQRVLVXVLQJSDWLHQWLQIRUPDWLRQ>@2QHRIWKHPDLQPHWKRGVXVHGIRUGHYHORSLQJ&'66VRIWZDUHLVVXSHUYLVHG
FODVVLILFDWLRQDOJRULWKPV 6XSHUYLVHGFODVVLILFDWLRQDOJRULWKPVDUHRQHRI WKHPRVWSRSXODUPDFKLQH OHDUQLQJ WHFKQLTXHVZKHUH WKH
REMHFWLYH LV WR SUHGLFW WKH FDWHJRU\ RI QHZ REVHUYDWLRQ EDVHG RQ LGHQWLILHG SDWWHUQV LQ WKH ODEHOHG GDWDVHW )RU WKLV SXUSRVH WKH
SUHGLFWLYHYDULDEOHVFDOOHGIHDWXUHVDQGFDWHJRU\RIHDFKREVHUYDWLRQFDOOHGFODVVLVJLYHQDQGVXSHUYLVHGFODVVLILFDWLRQDOJRULWKP
XVHVVRPHSDUWRIWKLVGDWDWUDLQLQJVHWWRLGHQWLI\WKHSDWWHUQVLQGDWDVHWDQGXVHWKHRWKHUSDUWRIWKHGDWDWHVWLQJVHWWRYDOLGDWH
WKHH[WUDFWHGSDWWHUQV)LJVKRZVWKHJHQHUDOIUDPHZRUNRIVXSHUYLVHGFODVVLILFDWLRQDOJRULWKPV
)LJ7KHJHQHUDOIUDPHZRUNRIVXSHUYLVHGFODVVLILFDWLRQDOJRULWKPV
&RUUHVSRQGLQJDXWKRU
E-mail addressVNKDQPR#ELQJKDPWRQHGX
Data Collection Data 
Preprocessing
Algorithm 
Selection Fitting the Model Validation Prediction
ª5IF"VUIPST1VCMJTIFECZ&MTFWJFS#7
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(DFK VWHS RI WKH VXSHUYLVHG FODVVLILFDWLRQ IUDPHZRUN LV GHVFULEHG DV IROORZV )RU FRQYHQLHQFH ZH ZLOO UHIHU WR VXSHUYLVHG
FODVVLILFDWLRQDOJRULWKPVDVFODVVLILFDWLRQDOJRULWKPVFODVVLILHUVLQWKHUHPLQGHURIWKLVSDSHU+RZHYHULWVKRXOGEHQRWHGWKDWWKHUH
LVDQRWKHUJURXSRIFODVVLILFDWLRQDOJRULWKPVFDOOHGXQVXSHUYLVHGFODVVLILFDWLRQDOJRULWKPVFOXVWHULQJZKLFKGRQRWFRQVLGHUWKHFODVV
ODEHOLQIRUPDWLRQLQWKHGDWDVHW>@
6WHSRQHRIFODVVLILFDWLRQIUDPHZRUNFRQVLVWVRIJDWKHULQJWKHGDWD,IWKHLQYHVWLJDWRUZDQWVWRFROOHFWWKHGDWDE\KLPKHUVHOIDQ
H[SHUWVKRXOGEHFRQVXOWHGWRXQGHUVWDQGZKLFKIHDWXUHVDUHPRVWUHOHYDQWWRWKHRXWSXWEHLQJLQYHVWLJDWHG,IFRQVXOWLQJDQH[SHUWLV
QRWSRVVLEOHWKHQWKHGDWDVKRXOGEHFROOHFWHGLQEUXWHIRUFHIRUPDW>@PHDQLQJDOOWKHSRVVLEOHIHDWXUHVVKRXOGEHFROOHFWHG
6WHSWZRLVDERXWSUHSURFHVVLQJWKHGDWDDQGPDNLQJLWUHDG\IRUFODVVLILFDWLRQDOJRULWKP>@7KUHHPDMRUDVSHFWVRIGDWDVKRXOG
EHDGGUHVVHGKHUH)LUVWHYHU\GDWDKDVVRPHVRUWRIQRLVHZKLFKVKRXOGEHFRQVLGHUHGDQGLISRVVLEOHHOLPLQDWHGIURPWKHGDWDVHW
7KH VHFRQG LVVXH LVPLVVLQJ YDOXHVZKLFK LV XVXDOO\ FDXVHGE\ KXPDQ UHODWHGRU HTXLSPHQW UHODWHG HUURUV7KHVHPLVVLQJ YDOXHV
VKRXOGEHGHDOWZLWK WR LPSURYH WKHSHUIRUPDQFHRI FODVVLILFDWLRQ DOJRULWKPV7ZR VLPSOHPHWKRGV WRGHDOZLWKPLVVLQJGDWD DUH
UHPRYLQJWKHREVHUYDWLRQVWKDWFRQWDLQPLVVLQJYDOXHVRUUHSODFLQJWKHPLVVLQJYDOXHVZLWKDYHUDJHYDOXHRIWKHIHDWXUHWKH\EHORQJ
WR7KHVHVLPSOHPHWKRGVKDYHVRPHOLPLWDWLRQVWKHUHIRUHRWKHUVRSKLVWLFDWHGDOJRULWKPVKDYHEHHQGHYHORSHGWRGHDOZLWKPLVVLQJ
YDOXHV>@7KHODVWLVVXHWKDWQHHGVWREHDGGUHVVHGLQWKLVVWHSLVIHDWXUHVHOHFWLRQ)HDWXUHVHOHFWLRQLVWKHDFWRIUHPRYLQJUHGXQGDQW
DQG LUUHOHYDQW IHDWXUHVE\ VHOHFWLQJ WKHRQHV WKDW DUHPRVW UHODWHG WR WKH FODVV ODEHO > @7KLVZLOO LPSURYH WKHSHUIRUPDQFHRI
FODVVLILFDWLRQDOJRULWKPV
2QH GUDZEDFN RI FODVVLILFDWLRQ DOJRULWKPV LV WKH IDFW WKDW WKHLU SHUIRUPDQFH VXFK DV DFFXUDF\ DQG VSHHG GHSHQGV RQ WKH
FKDUDFWHULVWLFRIGDWDVHWVVXFKDVVL]HVSDUVLW\DQGGLPHQVLRQDOLW\>@7KLVUHVXOWVLQVHOHFWLYHVXSHULRULW\FKDUDFWHULVWLFPHDQLQJ
WKDW HDFK FODVVLILFDWLRQ DOJRULWKP SHUIRUPVZHOO RQ FHUWDLQ W\SH RI GDWDVHW >@ WKHUHIRUH WKH LQYHVWLJDWRU VKRXOG VHOHFW WKH ULJKW
FODVVLILFDWLRQDOJRULWKPIRUWKHVSHFLILFGDWDVHWEHLQJDQDO\]HG>@7KLVSURFHVVLVFDOOHGFODVVLILFDWLRQDOJRULWKPVHOHFWLRQDQGLVWKH
WKLUG VWHS LQ FODVVLILFDWLRQ DOJRULWKP IUDPHZRUN 7ZR PDLQ PHWKRGV IRU FODVVLILFDWLRQ DOJRULWKP VHOHFWLRQ LQFOXGH SHUIRUPDQFH
FRPSDULVRQDQGPHWDOHDUQLQJZKLFKZLOOEHGLVFXVVHGLQVHFWLRQ
6WHS IRXUFRQVLVWVRI ILWWLQJ WKH VHOHFWHG FODVVLILFDWLRQDOJRULWKP WR WKH WUDLQLQJGDWDVHW 7UDLQLQJGDWDVHW LVDSRUWLRQ RIRYHUDOO
GDWDVHWXVHGIRULGHQWLI\LQJSDWWHUQVWKDWFDQGHVFULEHWKHUHODWLRQVKLSEHWZHHQREVHUYDWLRQVDQGFODVVODEHO
$IWHUILWWLQJWKHPRGHOWKHPRGHOQHHGVWREHYDOLGDWHGLQVWHSILYH7ZRPDLQPHWKRGVH[LVWIRUWKLVSXUSRVH,QWKHILUVWPHWKRG
GDWDLVGLYLGHGLQWRWKUHHVHFWLRQIRUH[DPSOH7KHILUVWVHFWLRQLV WUDLQLQJGDWDVHWXVHGIRUILWWLQJWKHPRGHO7KH
VHFRQG VHFWLRQ LV YDOLGDWLRQ GDWDVHW XVHG WR WHVW WKHPRGHO DQG WXQH GLIIHUHQW SDUDPHWHUV RI WKH FODVVLILFDWLRQ DOJRULWKP VXFK DV
QXPEHURILWHUDWLRQVLQ6XSSRUW9HFWRU0DFKLQHDQGWKHWKLUGVHFWLRQLVWHVWLQJGDWDVHWXVHGWRFRPSDUHWZRGLIIHUHQWFODVVLILFDWLRQ
DOJRULWKPV7KHVHFRQGPHWKRGLVFDOOHGNIROGFURVVYDOLGDWLRQZKHUHGDWDVHWLVGLYLGHGLQWRkJURXSVHDFKFRQWDLQLQJVDPHQXPEHU
RIREVHUYDWLRQVk-1IROGVDUHXVHGIRUWUDLQLQJDQGWKHkthIROGLVXVHGIRUWHVWLQJ7KLVSURFHVVLVUHSHDWHGXQWLOHDFKRIWKHkIROGVKDV
EHHQVHOHFWHGDVWHVWLQJGDWDVHWWKHQWKHRYHUDOODFFXUDF\LVFDOFXODWHGDVWKHDYHUDJHDFFXUDF\RIDOOWKHWHVWSURFHVVHV>@
)LQDOO\LQVWHSVL[WKHYDOLGDWHGPRGHOLVUHWUDLQHGXVLQJZKROHGDWDVHWDQGXVHGWRSUHGLFWWKHFODVVODEHORIQHZREVHUYDWLRQV
,Q WKLV SDSHUZH SURSRVH D QHZ DOJRULWKP VHOHFWLRQPRGHO FDOOHG $QDO\WLF+LHUDUFK\ 3URFHVV$OJRULWKP6HOHFWLRQ $+3$6
ZKLFKFRQVLGHUVWKHXQFHUWDLQW\DERXWLQSXWGDWDVHWDQGUHODWLYHLPSRUWDQFHRIGLIIHUHQWSHUIRUPDQFHPHDVXUHPHQWV7KHVHSURSHUWLHV
PDNH WKH$+3$6PHWKRG VXLWDEOH IRU VRIWZDUH GHYHORSPHQW 7R LOOXVWUDWH WKLV ZH KDYH DSSOLHG WKH $+3$6PRGHO WR VDPSOH
PHGLFDOGDWDVHWVWRLGHQWLI\WKHPRVWGHVLUDEOHFODVVLILFDWLRQDOJRULWKPIRUGHYHORSLQJ&'66
7KH UHPLQGHURI WKLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ LQFOXGHV D EULHI EDFNJURXQGRI GLIIHUHQW FODVVLILFDWLRQ DOJRULWKP
VHOHFWLRQPHWKRGVIROORZHGE\GHWDLOVRIWKH$+3PRGHO6HFWLRQSURYLGHVGHWDLOHGGHVFULSWLRQRIWKHSURSRVHG$+3$6PHWKRG
DQGWKHH[SHULPHQWDOUHVXOWVIROORZHGE\DEULHIFRQFOXVLRQLQVHFWLRQ
2. Background and Related Work
2.1. Classification Algorithm Selection 
$OJRULWKPVHOHFWLRQLVGHILQHGDV³OHDUQLQJDPDSSLQJIURPIHDWXUHVSDFHWRDOJRULWKPSHUIRUPDQFHVSDFHDQGDFNQRZOHGJHGWKH
LPSRUWDQFHRIVHOHFWLQJWKHULJKWIHDWXUHVWRFKDUDFWHUL]HWKHKDUGQHVVRISUREOHPLQVWDQFHV´>@6LPSOHVWFODVVLILFDWLRQDOJRULWKP
VHOHFWLRQPHWKRGUDQGRPVHOHFWLRQ&OHDUO\WKLVLVQRWDJRRGVWUDWHJ\DVLWGRHVQRWFRQVLGHUDQ\LQIRUPDWLRQDERXWWKHGDWDVHW
$SRSXODUPHWKRGDPRQJUHVHDUFKHUVLVSHUIRUPDQFHFRPSDULVRQZKHUHWKHEHVWSHUIRUPLQJFODVVLILFDWLRQDOJRULWKPLVVHOHFWHG
XVLQJVHYHUDOH[SHULPHQWVRQWKHWDUJHWGDWDVHW,QWKLVUHJDUGVGLIIHUHQWDSSUR[LPDWHVWDWLVWLFDOWHVWVKDYHEHHQSURSRVHGWRUDQNWKH
SHUIRUPDQFH RI FODVVLILFDWLRQ DOJRULWKPV %UD]GLO DQG 6RDUHV >@ KDYH SURSRVHG WKUHH GLIIHUHQW UDQNLQJ WHFKQLTXHV LQFOXGLQJ
$YHUDJH5DQN $56XFFHVV5DWH5DWLRV 655 DQG6LJQLILFDQW:LQV 6:7KHLU H[SHULPHQWV VKRZ WKDW655DQG$5SHUIRUP
EHWWHUWKDQ6:$ORQJWKHVDPHOLQHV'HPVDU>@KDVSURSRVHGQRQSDUDPHWULFWHVWVRI:LOFR[RQVLJQHGUDQNWHVWDQG)ULHGPDQWHVW
IRU FRPSDULVRQ RI GLIIHUHQW FODVVLILHUV 7KH\ FODLP WKDW QRQSDUDPHWULF WHVWV DUH PRUH VXLWDEOH IRU FODVVLILHU FRPSDULVRQ 7HVWLQJ
GLIIHUHQWFODVVLILFDWLRQDOJRULWKPVRQODUJHGDWDVHWVFDQEHFRPSXWDWLRQDOO\LQWHQVLYHDQGVORZ WKHUHIRUHVRPHUHVHDUFKHUVVXFKDV
3HWUDN>@KDVSURSRVHGVXEVDPSOLQJPHWKRGVWRHYDOXDWHWKHSHUIRUPDQFHRIGLIIHUHQWFODVVLILFDWLRQDOJRULWKPV
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$QDOWHUQDWLYHWRSHUIRUPDQFHFRPSDULVRQPHWKRGLVPHWDOHDUQLQJDSSURDFKZKHUHFODVVLILFDWLRQDOJRULWKPVDUHVHOHFWHGEDVHG
RQ WKH NQRZOHGJH DFTXLUHG IURPGDWDVHWV WKDW DUH VLPLODU WR WKH WDUJHW GDWDVHW ,QRWKHUZRUGVPHWDOHDUQLQJ FRQVLVWV RI OHDUQLQJ
DERXW WKH SHUIRUPDQFH RI OHDUQLQJ DOJRULWKPV ZLWKRXW GLUHFWO\ WHVWLQJ WKHP RQ WKH WDUJHW GDWDVHW >@0HWDOHDUQLQJ DOJRULWKPV
SURYLGH DXWRPDWLF DQG V\VWHPDWLF JXLGHOLQHV DERXW PRGHO VHOHFWLRQ DQG PHWKRG FRPELQDWLRQ .QRZOHGJH DFTXLVLWLRQ LQ PHWD
OHDUQLQJFDQEHGRQHWKHRUHWLFDOO\RUH[SHULPHQWDOO\
5HQGHOODQG&KR>@ZHUHWKHSLRQHHUVZKRXVHGWKLVPHWKRGWRH[DPLQHWKHLPSDFWRIIHDWXUHVVXFKDVVL]HDQGFRQFHQWUDWLRQRI
WKHFODVVHVRQWKHFODVVLILFDWLRQDOJRULWKPV$IWHU5HQGHOODQG&KR$KD>@XVHGYDULRXVUXOHEDVHGOHDUQLQJDOJRULWKPVWRH[WUDFW
UXOHV WKDWFDQJXLGH WKHXVHU LQ FODVVLILFDWLRQDOJRULWKPVHOHFWLRQ$PXFK ODUJHU VFDOHSURMHFW UHJDUGLQJPHWDOHDUQLQJZDVFDOOHG
&RPSDUDWLYH 7HVWLQJ RI 6WDWLVWLFDO DQG /RJLFDO /HDUQLQJ 6WDW/RJ ZKHUH GLIIHUHQW PDFKLQH OHDUQLQJ DOJRULWKPV ZHUH WHVWHG WR
SURYLGHDEHQFKPDUN>@$ORQJWKHVDPHOLQHV/LPDQGKLVFROOHDJXHV>@KDYHHYDOXDWHGGLIIHUHQWFODVVLILFDWLRQDOJRULWKPVLQ
WHUPV RI DFFXUDF\ DQG&38 WLPH $FFRUGLQJ WR WKHLU UHVXOWV WKH 3RO\FODVV $OJRULWKP SURYLGHG WKH EHVW DFFXUDF\ EXW LW ZDV QRW
VWDWLVWLFDOO\VLJQLILFDQWO\GLIIHUHQW IURPRWKHUDOJRULWKPV5HJDUGLQJWR&38WLPHWKH&GHFLVLRQWUHHSURYLGHGWKHORZHVW&38
WLPH DQG LW ZDV VWDWLVWLFDOO\ VLJQLILFDQW ZKHQ FRPSDUHG WR RWKHU DOJRULWKPV 7DQZDQL DQG KLV FROOHDJXHV >@ KDYH IRFXVHG RQ
FODVVLILFDWLRQ DOJRULWKP VHOHFWLRQ IRU ELRPHGLFDO GDWDVHWV DQG SURYLGHG D FRPSUHKHQVLYH HYDOXDWLRQ RI GLYHUVH PDFKLQH OHDUQLQJ
DOJRULWKPVRQELRPHGLFDOGDWDVHWV7KH\DOVRSURYLGHGVHWRIJXLGHOLQHVIRUVHOHFWLQJWKHDSSURSULDWHFODVVLILHUEDVHGRQWKHSURSHUWLHV
RI WDUJHW ELRPHGLFDO GDWDVHW 2WKHU UHVHDUFKHUV VXFK DV .DORXVLV DQG +LODULR >@ KDYH SURSRVHG EXLOGLQJ DOJRULWKP SURILOHV WR
DGGUHVV WKH DOJRULWKP VHOHFWLRQ SUREOHP7KH SURILOHV FRQVLVW RIPHWDOHYHO IHDWXUH YDOXHV WKDW GHVFULEH WKH OHDUQLQJ DOJRULWKP LQ
WHUPVRIIXQFWLRQDOLW\UREXVWQHVVDQGVRRQ.DORXVLVDQG+LODULRXVHGH[SHUWNQRZOHGJHDQGSUHYLRXVHPSLULFDOVWXGLHVWRLGHQWLI\
WKH SURILOHV%URGOH\ >@ FRQVLGHUHG WKH DOJRULWKP VHOHFWLRQ SUREOHP DV DQ RSWLPL]DWLRQ SUREOHP DQG XVHG NQRZOHGJH DERXW WKH
UHSUHVHQWDWLRQDO ELDVHV RI D VHW RI FODVVLILFDWLRQ DOJRULWKPV WR FRQGXFW DQ H[KDXVWLYH VHDUFK DFURVV D IHDWXUH VSDFH GHILQHG E\
FDQGLGDWHFODVVLILFDWLRQDOJRULWKPV0RUHUHFHQWUHVHDUFK LQWKLVDUHDLQFOXGH$OLDQG6PLWK¶V>@FRPSUHKHQVLYHVWXG\ZKHUHWKH\
HPSOR\HG&GHFLVLRQWUHHWRJHQHUDWHJHQHUDOUXOHVIRUVHOHFWLQJFODVVLILFDWLRQDOJRULWKPVEDVHGRQWKHW\SHRIWDUJHWGDWDVHW
&RQVLGHULQJWKHREMHFWLYHRIGHYHORSLQJFOLQLFDOGHFLVLRQVXSSRUWV\VWHPV&'66PHWDOHDUQLQJDOJRULWKPVLQOLWHUDWXUHKDYHWKH
IROORZLQJOLPLWDWLRQV
x 0RVWRIWKHPFRQVLGHUHDFKSHUIRUPDQFHPHDVXUHVXFKDVDFFXUDF\&38WLPHDQGPHPRU\XVDJHVHSDUDWHO\ZLWKRXWWDNLQJ
LQWRDFFRXQWDOOWKHVHPHDVXUHVWRJHWKHU
x 0RVWRIWKHPUHTXLUHDORWRIFRPSXWDWLRQDOUHVRXUFHV
x )HZRIWKHPDUHIRFXVHGRQPHGLFDOGDWDVHWV
x 6RPHRIWKHPKDYHEHHQLPSOHPHQWHGXVLQJGLYHUVHVHWRISURJUDPPLQJODQJXDJHVZKLFKPDNHVWKHSHUIRUPDQFHPHDVXUH
FRPSDULVRQVVXFKDV&38WLPHELDVHG
x 7KH\GRQ¶WFRQVLGHUGRPDLQH[SHUWNQRZOHGJHDERXWWKHFRVWRIHDFKSHUIRUPDQFHPHDVXUH)RUH[DPSOHLQPHGLFDOILHOGWKH
DFFXUDF\KDVPXFKKLJKHUSULRULW\WKDQVSHHGRUPHPRU\XVDJH
x 7KH\GRQ¶WFRQVLGHUWKHXQFHUWDLQW\DERXWFKDUDFWHULVWLFRIGDWDVHWWKDWLVJRLQJWREHXVHGZLWKWKHFODVVLILHU
,Q WKLV UHVHDUFKZH DGGUHVV WKHVH LVVXHVE\SURSRVLQJ D QHZPHWDOHDUQLQJ IUDPHZRUN FDOOHG$+3$67KLV IUDPHZRUNXVHV WKH
$+3DOJRULWKPZKLFKLVGLVFXVVHGLQQH[WVHFWLRQ
2.2. AHP 
$+3LVDPXOWLSOHFULWHULDGHFLVLRQPDNLQJWRROZKLFKKDVEHHQXVHGIRUZLGHYDULHW\RIDSSOLFDWLRQV>@7KH$QDO\WLF+LHUDUFK\
3URFHVV$+3ZDVGHYHORSHGE\6DDW\ LQ WKHV WRDLGGHFLVLRQPDNHUVUDQN LQIRUPDWLRQEDVHGRQSDLUZLVHFRPSDULVRQRID
QXPEHURIFULWHULD>@7KHFULWHULDFDQEHHLWKHUTXDOLWDWLYHTXDQWLWDWLYHRUERWK3DLUZLVHFRPSDULVRQVDUHPDGHDPRQJHOHPHQWV
RIHDFKKLHUDUFK\XVLQJD QRPLQDO VFDOH >@0RUH VSHFLILFDOO\$+3SURYLGHVDSURFHGXUH WRFDOLEUDWH WKHQXPHULF VFDOH IRU WKH
PHDVXUHPHQWRITXDQWLWDWLYHDQGTXDOLWDWLYHSHUIRUPDQFHV7KHVFDOHUDQJHVIURPIRU³OHDVWYDOXHGWKDQ´WRIRU³DEVROXWHO\
PRUHLPSRUWDQWWKDQ´FRYHULQJWKHHQWLUHVSHFWUXPRIWKHFRPSDULVRQ>@*HQHUDOO\$+3IROORZVIRXUPDMRUVWHSV>@)LUVWWKH
GHFLVLRQDQDO\VWVKRXOGEUHDNGRZQWKHGHFLVLRQSUREOHPLQWRDKLHUDUFK\RILQWHUUHODWHGGHFLVLRQHOHPHQWV6HFRQGDFRPSDULVRQ
PDWUL[ LV IRUPHG IRU DWWULEXWHV SDLUZLVH FRPSDULVRQ 7KH UHVXOW RI WKLV VWHS LV DQ HLJHQYHFWRU DOVR FDOOHG D SULRULW\ YHFWRU WKDW
UHSUHVHQWVWKHUHODWLYHUDQNLQJRILPSRUWDQFHRUSUHIHUHQFHDWWDFKHGWRWKHDWWULEXWHV7KLUGDSDLUHGFRPSDULVRQRIHDFKFULWHULDDQG
DOWHUQDWLYHFKRLFHVZLWKLQHDFKFULWHULRQLVDUUDQJHG7KLVVWHSLVUHSHDWHGIRUDOORIWKHDWWULEXWHV)RXUWKWKHZHLJKWHGHYDOXDWLRQLV
FDOFXODWHGZKLFKLVWKHPXOWLSOLFDWLRQRISULRULW\ZHLJKWVDQGPDWULFHVRIHYDOXDWLRQUDWLQJVRIDOWHUQDWLYHVIRUHDFKDWWULEXWH)RUDOO
PHQWLRQHGVWHSV$+3XVHVPDWUL[DOJHEUDWRVRUWRXWWKHIDFWRUVDQGDUULYHDWDPDWKHPDWLFDOO\RSWLPDOVROXWLRQ6DDW\DOORZHGVRPH
PHDVXUHVRILQFRQVLVWHQF\IRUWKHORJLFRISUHIHUHQFHV>@,QFRQVLVWHQFLHVPD\KDSSHQZKHQFRPSDULQJWKUHHLWHPV$%DQG&
)RULQVWDQFHLILWHP$LVPRUHSUHIHUUHGRYHULWHP%DQGLWHP%LVPRUHSUHIHUUHGRYHULWHP&WKHQE\WKHWUDQVLWLYHSURSHUW\LWHP
$VKRXOGEHPRUHSUHIHUUHGRYHU LWHP& ,I QRW WKHQ WKH FRPSDULVRQVDUHQRWFRQVLVWHQW7KLVPHDVXUHRI LQFRQVLVWHQF\ LVFDOOHG
&RQVLVWHQF\ 5DWLR &5 ZKLFK VKRXOG EH OHVV WKDQ  WR REWDLQ SULRULW\ ZHLJKWV WKDW DUH DFFHSWDEOH 7KH IORZFKDUW RI GHFLVLRQ
SURFHVVIRU$+3LVVKRZQLQ)LJ
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)LJ)ORZFKDUWRIWKHGHFLVLRQSURFHVVRI$+3>@
3. Methodology and Results
7KHRYHUDOOIUDPHZRUNIRUWKHSURSRVHGFODVVLILFDWLRQDOJRULWKPVHOHFWLRQPRGHOFRQVLVWVRIVL[VWHSVDQGLVLOOXVWUDWHGLQ)LJ
)LJ2YHUDOOGHFLVLRQPDNLQJIUDPHZRUNIRULGHQWLI\LQJWKHPRVWVXLWDEOHFODVVLILFDWLRQPDFKLQHOHDUQLQJDOJRULWKPIRUPHGLFDOGDWDDQDO\VLVVRIWZDUH
$W VWHSRQH WHQGLIIHUHQWPHGLFDOGDWDVHWV IURP8&,UHSRVLWRU\ >@ ZHUH UHWULHYHG WR UHSUHVHQWVDPSOHPHGLFDOGDWDVHWV+LJK
GLPHQVLRQDO GDWDVHWV VXFK DV JHQH H[SUHVVLRQ DUH QRW FRQVLGHUHG LQ WKLV VWXG\ DV WKHVH W\SHV RI GDWDVHWV DUH XVXDOO\ XVHG E\
ELRHQJLQHHULQJ UHVHDUFKHVZKR FDQ HPSOR\ H[LVWLQJ FODVVLILFDWLRQ DOJRULWKP VHOHFWLRQPHWKRGV LQ WKH OLWHUDWXUH7KH IRFXV RI WKLV
VWXG\ LV PRUH RQ GLDJQRVWLF GDWDVHWV WKDW PLJKW EH XVHG LQ &'66 E\ KHDOWKFDUH SURIHVVLRQDOV ZKR GR QRW KDYH WKH QHFHVVDU\
NQRZOHGJH DERXW PDFKLQH OHDUQLQJ DOJRULWKPV  7KH GDWDVHWV XVHG LQ WKLV VWXG\ LQFOXGH %UHDVW &DQFHU :LVFRQVLQ 2ULJLQDO
'LDJQRVWLF DQG 3URJQRVWLF &DUGLRWRFRJUDSK\ 'LDEHWHV (FKRFDUGLRJUDP +HDUW 'LVHDVH 3DUNLQVRQ¶V +HSDWLWLV DQG 8ULQDU\
'LVHDVH7DEOHGHVFULEHVWKHGLIIHUHQWSURSHUWLHVRIWKHVHGDWDVHWV
6WHS WZR LV WKHSUHSURFHVVLQJVWHSZKHUHHDFK VDPSOHGDWDVHW LVSUHSURFHVVHGE\ UHPRYLQJ WKH REVHUYDWLRQV WKDWKDYHPLVVLQJ
YDOXHVDQGQRUPDOL]LQJWKHYDOXHVRIHDFKIHDWXUHWRDYDOXHEHWZHHQDQG
,QVWHSWKUHHDQGIRXUVL[FRPPRQFODVVLILFDWLRQDOJRULWKPVLQFOXGLQJ6XSSRUW9HFWRU0DFKLQH690/RJLVWLF5HJUHVVLRQ/5
.1HDUHVW1HLJKERUV.111DwYH%D\HV1%'HFLVLRQ7UHH'7DQG'LVFULPLQDQW$QDO\VLV'$ZHUHDSSOLHGWRHDFKRIWKHVH
GDWDVHWV)RUHDFKDOJRULWKPWKUHHSHUIRUPDQFHPHDVXUHPHQWVZHUHFDOFXODWHGLQFOXGLQJDYHUDJHFODVVLILFDWLRQDFFXUDF\XVLQJIROG
FURVVYDOLGDWLRQWLPHUHTXLUHGIRUWUDLQLQJLQVHFRQGVDQGPHPRU\XVDJHPHJDE\WHV
<HV
Medical Data Collection
Pre-process Data 
(Normalize & Remove 
Missing Values)
Apply Six Different 
Supervised Classification 
Algorithms
Calculate the Performance 
for Each Algorithm
Apply AHP Model to Select 
the Most Desirable 
Algorithm for Each Dataset
Use Logistic Regression to 
Identify the best 
Classification Algorithm for 
Unknown Medical Datasets
'HULYHWKHHLJHQYHFWRUDQGWKHPD[LPXP(LJHQYDOXHRIWKHPDWUL[
/LVWHOHPHQWRIWKHHYDOXDWLRQ
(VWDEOLVKKLHUDUFKLHV
(VWDEOLVKSDLUZLVHFRPSDULVRQPDWUL[
'HULYHWKHFRQVLVWHQF\LQGH[DQGFRQVLVWHQF\UDWLR
'HWHUPLQHZKHWKHUWKH
FRPSDULVRQPDWUL[LVFRQVLVWHQW
5HIHUHQFHIRUDVVHVVPHQW
&RQILUPWKHHYDOXDWLRQSUREOHP
1R
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7DEOH3URSHUWLHVRIGLIIHUHQWPHGLFDOGDWDVHWREWDLQHGIURP8&,UHSRVLWRU\
Dataset Number of Features
Number of 
Observations Dataset Characteristics Attribute Characteristics
Breast cancer Wisconsin (Original)   0XOWLYDULDWH ,QWHJHU
Breast Cancer Wisconsin (Diagnostic)   0XOWLYDULDWH 5HDO
Breast Cancer Wisconsin (Prognostic)   0XOWLYDULDWH 5HDO
Cardiotocography Data   0XOWLYDULDWH 5HDO
Diabetes Data   0XOWLYDULDWH7LPH6HULHV &DWHJRULFDO,QWHJHU
Echocardiogram Data   0XOWLYDULDWH &DWHJRULFDO,QWHJHU5HDO
Heart Disease Data   0XOWLYDULDWH &DWHJRULFDO5HDO
Parkinson’s Data   0XOWLYDULDWH 5HDO
Hepatitis Data   0XOWLYDULDWH &DWHJRULFDO,QWHJHU5HDO
Urinary Disease Data   0XOWLYDULDWH &DWHJRULFDO,QWHJHU
$OO WKH H[SHULPHQWV ZHUH LPSOHPHQWHG LQ 0$7/$% 7KH VXPPDU\ RI DSSO\LQJ PDFKLQH OHDUQLQJ DOJRULWKPV WR WKH VDPSOH
PHGLFDOGDWDVHWVLVJLYHQLQ7DEOH
7DEOH6XPPDU\RIWKHFODVVLILFDWLRQDOJRULWKPVDSSOLHGWRVDPSOHPHGLFDOGDWDVHWV
$YHUDJH6SHHGRI7UDLQLQJ
6HFRQGV $YHUDJH$FFXUDF\ $YHUDJH0HPRU\8VDJH0%
690   
/5   
.11   
1%   
'7   
'$   
8VLQJWKHUHVXOWVLQ7DEOHDQ$+3PRGHOZDVGHYHORSHGWRUDQNWKHEHVWPDFKLQHOHDUQLQJDOJRULWKPVIRUHDFKVSHFLILFGDWDVHW
$+3SURYLGHV DZD\ WR LQFRUSRUDWH H[SHUW¶V NQRZOHGJH LH KHDOWKFDUH SURYLGHUV¶ RSLQLRQV LQ FODVVLILFDWLRQ DOJRULWKP VHOHFWLRQ
ZKLFKKDVKDUGO\EHHQFDSWXUHGLQSUHYLRXVVWXGLHV&RQVLGHULQJH[SHUW¶VNQRZOHGJHSDLUZLVHFRPSDULVRQVIRUDWWULEXWHVDUHSODFHG
LQDPDWUL[DQG WKHSULRULW\ZHLJKWVDUH FDOFXODWHG$GGLWLRQDOO\ ORFDOFRQVLVWHQF\ UDWLRRI WKHDWWULEXWHV LVREWDLQHG WRDVVXUH WKH
FRQVLVWHQF\RIWKHVXEMHFWLYHMXGJPHQWV7KHILUVWVWHSWRFDOFXODWHORFDOFRQVLVWHQF\UDWLRLVWRPXOWLSO\WKHPDWUL[RIFRPSDULVRQV
PDWUL[$E\WKHSULRULW\ZHLJKWVPDWUL[%VHH(T1H[W³'´LVFDOFXODWHGE\GLYLGLQJPDWUL[&E\PDWUL[%VHH(T7KHQ
WKHPD[LPXPHLJHQYDOXHߣ௠௔௫LVFDOFXODWHGE\WDNLQJWKHDYHUDJHRIWKHHOHPHQWVRIPDWUL['VHH(T1H[WWKHFRQVLVWHQF\
,QGH[&,LVREWDLQHGE\WKHIRUPXODVKRZQLQ(TSDUDPHWHUnGHQRWHVWKHQXPEHURIDWWULEXWHV)LQDOO\WKH&RQVLVWHQF\5DWLR
&5LVFDOFXODWHGE\GLYLGLQJ&,WR5DQGRP,QGH[5,5,LVGHYHORSHGE\6DDW\>@IRUGLIIHUHQWYDOXHVRIn+HUH5,HTXDOVWR
&RQVLVWHQF\5DWLR&5RIWKHDWWULEXWHVLVFDOFXODWHGDVZKLFKLVOHVVWKDQ6DDW\¶VSURSRVHGHPSLULFDOOLPLW7KXVLW
FDQEHFRQFOXGHGWKDWWKHVXEMHFWLYHMXGJPHQWVDUHFRQVLVWHQW
>$@ >%@ >&@
อ
ͳ ͹ ͻ
ͲǤͳͶ͵ ͳ ͵
ͲǤͳͳͳ ͲǤ͵͵͵ ͳ
อ ൈ อ
ͲǤ͹͹͸
ͲǤͳͷͷ
ͲǤͲ͸ͺ
อ ൌ อ
ʹǤͶ͹͹
ͲǤͶ͹ͳ
ͲǤʹͲ͸
อ ሺͳሻ
ܦ ൌ ฬʹǤͶ͹͹ͲǤ͹͹͸
ͲǤͶ͹ͳ
ͲǤͳͷͷ
ͲǤʹͲ͸
ͲǤͲ͸ͺฬ ൌ ȁ͵Ǥͳͻ ͵ǤͲͶ͵ ͵ǤͲͳ͵ȁ ሺʹሻ
ߣ௠௔௫ ൌ
͵Ǥͳͻ ൅ ͵ǤͲͶ͵ ൅ ͵ǤͲͳ͵
͵ ൌ ͻǤʹͶ͸ ሺ͵ሻ
ܥܫ ൌ ߣ௠௔௫ െ ݊݊ െ ͳ ൌ
ͻǤʹͶ͸ െ ͵
ʹ ൌ ͲǤͲͶͳ ሺͶሻ
ܥǤ ܴǤ ൌ ܥܫܴܫ ൌ
ͲǤͲͶͳ
ͲǤͷͺ ൌ ͲǤͲ͹ ሺͷሻ
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7KH QH[W VWHS LV WR SHUIRUP WKH FDOFXODWLRQV IRU DOWHUQDWLYH FRPSDULVRQV ZLWK UHVSHFW WR HDFK RI WKH DWWULEXWHV 7KH DWWULEXWHV
LQFOXGLQJDYHUDJHDFFXUDF\ WLPH UHTXLUHG IRU WUDLQLQJDQGPHPRU\XVDJHDUHTXDQWLILHGDWWULEXWHV VR WKHSULRULW\ZHLJKWV IRU WKH
DOWHUQDWLYHVFDQEHDFKLHYHGREMHFWLYHO\7KHUHIRUHWKHORFDO&5RIWKHTXDQWLILHGDWWULEXWHVHTXDOWR]HUR2QFHWKHSULRULW\ZHLJKWV
RIWKHDOWHUQDWLYHVDUHGHWHUPLQHGWKHRYHUDOOSULRULW\ZHLJKWVRIDOWHUQDWLYHVDUHFDOFXODWHGE\PXOWLSO\LQJWKHPDWUL[RI HYDOXDWLRQ
UDWLQJVWRWKHYHFWRURISULRULW\ZHLJKWVDQGVXPPLQJDOORYHUWKHDWWULEXWHV)RUFDOFXODWLQJWKHJOREDOFRQVLVWHQF\UDWLR&5+WKH
YHFWRUVRIWKHWKLUGOHYHOFRQVLVWHQF\DQGUDWLRLQGLFHVVKRXOGEHSUHVHQW$VPHQWLRQHGHDUOLHU&,IRUWKHTXDQWLILHGYDOXHVDUHVHWWR
]HUR7KXVWKHJOREDOFRQVLVWHQF\RIWKHGHFLVLRQKLHUDUFK\LVHTXDOWRVHH(TV7KHILQDOUHVXOWVRIWKH$+3PRGHODUH
WKHUDQNHGFODVVLILFDWLRQPHWKRGVIRUGLIIHUHQWPHGLFDOGDWDVHWVVKRZQLQ7DEOH
ܯ ൌ ݏ݁ܿ݋݊݀݈݁ݒ݈݁ܥܫ ൅ ฬܸ݁ܿݐ݋ݎ݋݂ݏ݁ܿ݋݊݀݈݁ݒ݈݁݌ݎ݅݋ݎ݅ݐݕݓ݄݁݅݃ݐݏ ฬ ൈ ȁܸ݁ܿݐ݋ݎ݋݂ݐ݄݅ݎ݀݈݁ݒ݈݁ܥܫݏȁ ൌ ͲǤͲͶͳ ൅ ȁͲǤ͹͹͸ ͲǤͳͷͷ ͲǤͲ͸ͺȁ ൈ อ
Ͳ
Ͳ
Ͳ
อ ൌ ͲǤͲͶ ሺ͸ሻ
ܯഥ ൌ ݏ݁ܿ݋݊݀݈݁ݒ݈݁ܴܫ ൅ ฬܸ݁ܿݐ݋ݎ݋݂ݏ݁ܿ݋݊݀݈݁ݒ݈݁݌ݎ݅݋ݎ݅ݐݕݓ݄݁݅݃ݐݏ ฬ ൈ ȁܸ݁ܿݐ݋ݎ݋݂ݐ݄݅ݎ݀݈݁ݒ݈݁ܴܫݏȁ ൌ ͲǤͷͺ ൅ ȁͲǤ͹͹͸ ͲǤͳͷͷ ͲǤͲ͸ͺȁ ൈ อ
ͳǤʹͶ
ͳǤʹͶ
ͳǤʹͶ
อ ൌ ͳǤͺʹ ሺ͹ሻ
ܥǤ ܴǤ ܪ ൌ ܯܯഥ ൌ
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First Choice Second Choice
%UHDVWFDQFHU:LVFRQVLQ2ULJLQDO 690 1%
%UHDVW&DQFHU:LVFRQVLQ'LDJQRVWLF 1% 690
%UHDVW&DQFHU:LVFRQVLQ3URJQRVWLF 690 1%
&DUGLRWRFRJUDSK\'DWD 1% 690
'LDEHWHV'DWD 1% 690
(FKRFDUGLRJUDP'DWD 690 1%
+HDUW'LVHDVH'DWD 1% 690
3DUNLQVRQ¶V'DWD 1% 690
+HSDWLWLV'DWD 690 /5
8ULQDU\'LVHDVH'DWD 690 1%
7KH UHVXOWV LQGLFDWH WKDW 690 DQG1% DUH WKH GRPLQDWLQJ PDFKLQH OHDUQLQJ DOJRULWKPV IRU DQDO\]LQJ WKH  VDPSOH PHGLFDO
GDWDVHWV7KHUHIRUHORJLVWLFUHJUHVVLRQZDVHPSOR\HGWRLGHQWLI\WKHPRVWGHVLUDEOHPDFKLQHOHDUQLQJFODVVLILFDWLRQDOJRULWKPIRUWKH
XQNQRZQPHGLFDOGDWDVHWWKDWZLOOEHXVHGLQ&'66)RUWKLVSXUSRVHWZRPDLQPHGLFDOGDWDVHWSURSHUWLHVQXPEHURIREVHUYDWLRQV
DQG QXPEHU RI IHDWXUHV ZHUH UDQGRPO\ VDPSOHG IURP WKHLU UHVSHFWLYH GLVWULEXWLRQ REWDLQHG IURP WKH SURSHUWLHV RI  VDPSOH
PHGLFDOGDWDVHWV1H[WORJLVWLFUHJUHVVLRQZDVWUDLQHGXVLQJWKHGDWDVHWVLQ7DEOHDQGWKHFRUUHVSRQGLQJILUVWFKRLFHFODVVLILFDWLRQ
DOJRULWKP )LQDOO\ WKH WUDLQHG ORJLVWLF UHJUHVVLRQ PRGHO ZDV WHVWHG RQ WKH VDPSOHG GDWDVHW SURSHUWLHV  7KH UHVXOWV RI ORJLVWLF
UHJUHVVLRQXVLQJ VDPSOHGGDWDVHW SURSHUWLHV LQGLFDWH WKDW690KDV D KLJKHUSRWHQWLDO RI SURYLGLQJEHVW UHVXOWV IRU XQNQRZQ
PHGLFDOGDWDVHWV7KHUHVXOWVDUHFRQVLVWHQWZLWKSUHYLRXVVWXGLHVWKDWVKRZ690SURYLGHVDYHU\JRRGFODVVLILFDWLRQUHVXOWLQZLGH
YDULHW\RIGDWDVHWV>@ 7KHORJLVWLFUHJUHVVLRQZDVHPSOR\HGKHUHEHFDXVHLWDOVRSURYLGHVWKHSUREDELOLW\RIWKHOLNHOLKRRGRIRQH
REVHUYDWLRQEHORQJLQJWRVSHFLILFFODVV)LJVKRZVDEDUFKDUWRIWKHUHVXOWV
)LJ5HVXOWVIRUVHOHFWLQJDPDFKLQHOHDUQLQJDOJRULWKPIRUXQNQRZQPHGLFDOGDWDVHW
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4. Conclusions
,Q WKLV VWXG\DPHWDOHDUQLQJDOJRULWKP LVSURSRVHG WR FKRRVHDPDFKLQH OHDUQLQJFODVVLILFDWLRQDOJRULWKP WKDWFDQEHXVHG IRU
GHYHORSLQJFOLQLFDOGHFLVLRQVXSSRUWV\VWHP&'668VLQJ WHQVDPSOHPHGLFDOGDWDVHWV WKHSURSRVHGPRGHO VXJJHVW 690DV WKH
PRVWGHVLUDEOHFODVVLILFDWLRQDOJRULWKPIRUGHYHORSLQJ&'667KHDLPRIWKLVUHVHDUFKZDVQRWWRLGHQWLI\DFODVVLILFDWLRQDOJRULWKP
WKDWKDVWKHEHVWSHUIRUPDQFHLQDOOPHGLFDOGDWDVHWVUDWKHUWKHDLPZDVWRLGHQWLI\DQDOJRULWKPWKDWKDVWKHSRWHQWLDO WR SHUIRUP
ZHOO LQPRVWPHGLFDO GDWDVHWV 7KH UHOLDELOLW\ RI WKHPRGHO FDQ EH LPSURYHG XVLQJPRUH VDPSOH GDWDVHWV KRZHYHU JRRG TXDOLW\
DFFHVVLEOHGDWDVHWV WKDW FDQEHXVHG IRU WKLV SXUSRVH DUH OLPLWHG ,QRXU IXWXUHZRUNZHZLOO FRQVLGHUPRUH FKDUDFWHULVWLFVRI WKH
GDWDVHWVVXFKDVVSDUVLW\QRLVLQHVVDQGHWFWRLPSURYHWKHUHOLDELOLW\RIWKHPRGHO
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